SUMMARY Sorbitol is a hexahydroxy alcohol used as a sugar substitute in many dietetic foods and as a drug vehicle. Previous studies have suggested that sorbitol ingestion may be an additional cause of non-specific gastrointestinal distress. We evaluated sorbitol malabsorption in 30 healthy volunteers, seven patients with untreated coeliac disease and nine patients with coeliac disease on a gluten free diet, using a four hour H2 breath test. After ingestion of test solutions containing sorbitol 10 and 20 g and of four sweets (6.8 g sorbitol), 90%, 100%, and 62% of healthy volunteers, respectively had significantly raised H2 excretion, indicating malabsorption of sorbitol. Of all healthy subjects tested, 45% after 10 g, 100% after 20 g, and 50% after four sweets complained of symptoms of carbohydrate intolerance during the eight hours after sorbitol. After a 5 g dose given at concentrations of 2%, 4%, 8%, 16%, malabsorption was shown in 10%, 12%, 22%, and 43% of the healthy volunteers. Symptoms of intolerance at 5 g were experienced only at concentrations of 8% and 16%. Unlike healthy volunteers and coeliac patients on a gluten free diet, 100% of untreated coeliacs malabsorbed a 2% solution of 5 g sorbitol. These results show that malabsorption and intolerance of sorbitol may result from ingestion of doses and/or concentrations usually found in many foods and drugs; they underline the need to consider this as a possible and hitherto underestimated cause of gastrointestinal symptoms.
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Sorbitol, a hexahydroxy sugar alcohol occurring naturally in many fruits,'-' is produced synthetically for commercial purposes by the catalytic reduction of glucose. Sorbitol is only partially absorbed,4 does not produce a rise in blood sugar when taken by mouth,6 and because of its sweetening power7 it is widely used as a sugar substitute in dietetic food and beverages and as a vehicle for suspending active drugs. The rise in breath H2 concentration over baseline (A ppm) after the ingestion of 5, 10, and 20 g sorbitol in 250 ml water and two sweets containing 3-4 g sorbitol and four sweets containing 6-8 g sorbitol is shown in Figure 1 . After ingestion of both 10 g and 20 g the mean A ppm was significantly higher than after ingestion of 5 g. Although the mean rise in breath H2 concentration was higher after 20 g than after 10 g, no significant difference was found between these two groups. The ingestion of four sweets (6-8 g) caused an increase in breath H2 excretion significantly higher than after two sweets (3.4 g The proportion of intolerant subjects rose with increases of sorbitol doses and concentrations (Fig.  2) . All but one of the intolerant subjects were malabsorbers but the malabsorbers were not all intolerant. Figure 3 shows that there was no significant difference in mean A ppm values after administration of 5 g solution of sorbitol at different concentrations. While only one subject of 10 (10%) was shown to malabsorb a 2% solution, however, one of eight (12%), two of nine (22%), and three of seven (43%) were shown to malabsorb 5 g of sorbitol in 4%, 8%, and 16% solution, respectively. Only one subject after 8% solution and two subjects after 16% solution experienced symptoms of intolerance.
Five grams in a 2% solution were also given to seven untreated coeliacs and nine coeliacs on a gluten free diet. As shown in Figure 4 , excretion of H2 was significantly higher in untreated coeliacs than in both healthy volunteers and treated coeliacs. No significant difference was found between healthy volunteers and coeliac patients on a gluten free diet. It was not possible to evaluate intolerance in the untreated coeliacs as most of them already suffered from the symptoms that we attribute to carbohydrate malabsorption.
A significant correlation between A ppm values and cumulative H2 excretion (r=0.85, p<0(001) was found in all tests carried out and Figure 5 shows A ppm values and total H2 excretion in the group of subjects, divided into tolerant and intolerant, to whom 10 g of sorbitol in 250 ml water were adminis- Sorbitol test solutions patients on a gluten free diet after the ingestion of5 g sorbitol in 250 show that the frequency of malabsorption after a solution of 10 g sorbitol in 250 mg (224 mOsm/kg) is greater than after a solution of 5 g in 31-2 ml (973 mOsm/kg), it seems that sorbitol malabsorption depends more on the dose than the osmolality. In patients with malabsorption as a result of untreated coeliac disease the ingestion of the smallest and least concentrated dose used, 5 g in a 2% solution, provoked a highly significant increase in H2 excretion as compared with healthy subjects. All the untreated coeliac patients resulted as sorbitol malabsorbers and this, to a certain extent, was predictable as in villous atrophy there is a reduced absorption of hydrophilic solutes of low molecular weight such as mannitol, another polyhydric alcohol with the same molecular weight as sorbitol (182.17).'9 Even though we were unable to evaluate sorbitol intolerance in our coeliac patients, it is possible to speculate that ingestion of even small quantities of sorbitol may worsen symptoms such as bloating, abdominal pain, and diarrhoea.
Of our healthy volunteers, 45% after ingestion of 47 10 g and 100% after 20 g were sorbitol intolerant. No subject showed symptoms of intolerance after ingestion of a 2% solution of 5 g, however, two of seven (28%) did after 5 g in 16% solution. Also the severity of intolerance proved to be dose and concentration dependent as the majority of subjects tested suffered from diarrhoea only after 20 g. It must not be forgotten, however, that in the cases of sorbitol intolerance reported in literature, the daily intake of sorbitol varied by only a few grams'3 to 170 g.'À s expected, not all the malabsorbers showed signs of sorbitol intolerance and, in agreement with other studies,83 we found no significant correlation between the presence of symptoms and the amount of breath H2 production evaluated either in A ppm or total H2 excretion over four hours after ingestion of 10 g. This can be explained on the basis of interindividual differences in pain response to gut distension2 or in efficiency of 'colonic salvage' of malabsorbed carbohydrates."
In conclusion, our results confirm that nearly all healthy volunteers malabsorb sorbitol at a 10 g dose and that the percentage of malabsorbers at 5 g is concentration related.
The increasing use of sorbitol as an artificial sweetener may be clinically relevant9" and recently the need to look closely at sorbitol malabsorption as an important cause of gastrointestinal distress of unknown origin has been emphasised.22 At present, there are a large number of dietetic foods and drugs on the market which contain sorbitol in doses and/or concentrations that, according to our study, could cause malabsorption and intolerance (Table) . We suggest that habitual consumers of dietetic foods, 
